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In July 2022, we conducted a pilot cross-sectional study, within a project funded by the United Nations International Children’s
Emergency Fund, to investigate the prevalence and predictors of anemia in children aged 6–59 months living in the Ntele camp
(Mozambique), created for internally displaced persons (IDPs). We analyzed blood samples for hemoglobin (Hb) and Plasmodium
antigens; stool and urine for parasites. Associations between variables were assessed by performing univariate and multivariate
logistic regressions. Based on the World Health Organization’s Hb cut-offs, we defined anemia (Hb < 110 g/L) as mild
(Hb= 100–109 g/L), moderate (Hb= 70–99 g/L), and severe (Hb < 70 g/L). We included 245 children, 212 (83%) were anemic, with
30 (12%) being severely anemic, and 95 (39%) suffered from malaria. Children with moderate-severe anemia were younger than
others (mean age= 25.3 and 29.5 months, respectively; p= 0.02). Malaria was positively correlated with moderate to severe anemia
(crude OR [95%CI] = 2.5 [1.5-4.5]; sex and age-adjusted OR [95%CI] = 3.1 [1.7-5.6]). Anemia in children under 5 years of age
represents an urgent public health threat in the IDPs camp of Ntele, with malaria potentially making them much more susceptible
to moderate-severe anemia and other diseases.
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BACKGROUND
Anemia persists as a public health problem on a global level,
mostly in children less than 5 years, with infants and children
under 2 years of age, women of reproductive age, and pregnant
women being particularly vulnerable [1, 2]. Childhood anemia may
result in growth retardation, impaired motor and cognitive
development, and increased morbidity and mortality [2]. Despite
the complex multi-factorial etiology, iron deficiency anemia is the
most common cause contributing to childhood anemia. Malaria
and helminthic infestations also play a great part particularly in
resource-poor countries, along with low accessibility to health
services, food insecurity, and poor hygiene conditions [2].
According to the recent national surveys conducted in 2011 and

2018 in Mozambique, the province of Cabo Delgado registered an
improvement in the combined prevalence of moderate-severe
anemia, defined as hemoglobin (Hb) below 80 g/L, that decreased
from 45 to 24% [3, 4]. Nevertheless, a 24% prevalence is of
particular concern in a conflict setting where access to healthcare
and general living conditions may be challenging and exacerbate
risk. The attacks perpetrated by non-state armed groups on
civilians and government facilities since 2017 exacerbated an
already precarious socio-economic context constraining further
access to basic services, including health services.

As of the end of 2020, the displaced families fleeing the conflict
zones started to seek refuge in the Southern districts of the
province, among which Montepuez. Therefore, the Ntele resettle-
ment site was created by the local government to give internally
displaced persons (IDPs) humanitarian assistance [5]. We con-
ducted a pilot study within the scope of a project funded by the
United Nations International Children's Emergency Fund (UNICEF)
and implemented by AVSI that aimed to improve the nutritional
status of children aged 0–59 months. The main objective of the
research was to determine the prevalence and predictors of
anemia in children aged 6–59 months.

METHODS
Subjects and setting
In July 2022, we performed a cross-sectional study. Eligible participants
were children aged 6–59 months living in the IDPs camp of Ntele, a peri-
urban area in the Montepuez district (Cabo Delgado, Mozambique)
covering an area of nearly 300 hectares. As of April 2022, the camp area
covered ~300 hectares, while its population amounted to 18,007
individuals, out of which 5,245 were below 5 years old, and 3652
households. The sample size was defined using the ENA for the SMART
application available online [6]. We used the systematic random sampling
approach because the study population was between 1000 and 5000 basic
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sampling units, a comprehensive list of households of the IDP camp was
already available, and dwellings were arranged in rows and/or blocks
within a defined geographical area [6].

Data collection
Eight trained professional enumerators, locally recruited, visited the
households, provided verbal information about the study, and invited
caregivers to join the study point. Once informed consent was obtained
from caregivers, data were collected using a Case Report Form and
eventually registered in a database through Microsoft Excel. Children’s age
was reported by the caregivers. At the time of the enrollment, a
professional technician tested children’s capillary blood for Hb concentra-
tion on-site using a hemoglobinometer (HemoCue 301 System kit), and
Plasmodium antigens (i.e., malaria) through a rapid diagnostic test [6]. At
the same time, the technician provided the caregivers with the tools and
instructions for collecting their children’s urine and stool to be returned in
2 days to a collection point. Samples were stored at the study point in a
Coleman portable refrigerator for a maximum of 2 h and then taken to the
laboratory at the Rural Hospital of Montepuez. Stool and urine samples
were analyzed for parasites by microscopic techniques.

Statistical analyses
Statistical analyses were performed using the software SPSS 28.0.1.1 and
RStudio 2022.12.0+ 353. We computed frequencies, mean, and preva-
lence. Based on the Hb cut-offs settled by the World Health Organization
(WHO) [7], we defined anemia (Hb < 110 g/L) as mild (Hb= 100–109 g/L),
moderate (Hb= 70–99 g/L), and severe (Hb < 70 g/L). We compared the
age and sex of children with moderate-severe anemia (Hb < 100 g/L) with
other children (Hb ≥ 100 g/L) using a t-test and a chi-square test. To assess
the correlation between malaria and anemia prevalence, we performed
univariate and multivariate (sex and age-adjusted) logistic regressions
using moderate to severe anemia as the dependent variable and malaria
test result as the independent variable.
The study was conducted with the collaboration of the District Health

Department (Serviço Distrital de Saúde, Mulher e Acção Social, SDSMAS) of
Montepuez and local leaders.

RESULTS
We included a total of 245 children aged 6–59 months. Whilst we
could test all the subjects for malaria and 242 (99%) children for
anemia, urine and stool samples were gathered only from 56
(23%) and 46 (19%) children, respectively. Despite the sensitiza-
tion sessions on the objectives of the research intended for IDPs
camp leaders that were carried out before the field activities, we
registered a high rate of denial by caregivers probably due to
cultural taboos that we did not investigate here.
Table 1 shows the prevalence of anemia and malaria in our

population. We reported 200 (83%) anemic children, with 30 (12%)
severely anemic and 115 (48%) moderately anemic.

Almost one-third (39%) of subjects suffered from malaria.
Parasites were assessed in the urine of 4 children and the stool of
1 child. Due to the small number of collected samples, we did not
perform statistical analyses on urine and stool.
Children with moderate-severe anemia were younger compared

to other children (mean age = 25.3 and 29.5 months, respectively;
p= 0.02), while we did not find any sex difference (p= 0.2), with
55% of males in the moderate-severe anemic and 45% in the mild
or non-anemic children.
Table 2 gives the Odds Ratios (ORs), Confidence Intervals (CIs),

and p-value between moderate to severe anemia (Hb < 100 g/L)
and malaria in children 6–59 months. We found that a positive
rapid test to malaria was positively correlated with moderate to
severe anemia (crude OR [95%CI] = 2.5 [1.5-4.5]; sex and age-
adjusted OR [95%CI] = 3.1 [1.7-5.6]).

DISCUSSION
To our knowledge, no published literature investigated the
prevalence of anemia and malaria among children under 5 years
of age in the IDPs camp of Ntele, Montepuez. The IDPs of Ntele
camp live in shelters whose structure is made up of wood, mud
bricks, and tarpaulins. In the most precarious cases, the shelter
space capacity is not fit to host the number of household
members. Nevertheless, this very much depends on the house-
holds’ access to means to build new shelters that comply with
basic living standards. In this setting, communal latrines are often
shared among two or more neighbor households. The camp
inhabitants’ livelihood and access to food depend mainly on
humanitarian aid through the provision of seeds for agriculture,
support to basic livelihood activities (e.g., petty trade, sewing
machines), and food rations. We reported a high prevalence of
childhood anemia (83%), which is consistent with Muhajarine and
colleagues’ [8] results (86%) about Cabo Delgado in 2018.
Mozambique is acknowledged as one of the sub-Saharan African
countries with the highest prevalence of childhood anemia (69%

Table 1. Prevalence of anemia and malaria among children 6–59 months in the Ntele camp for internally displaced persons, by sex, age, and total
sample.

Sex Age in months

F (n= 120) M (n= 125) 6–11 (n= 21) 12–23 (n= 66) 24–59 (n= 158) TOT (n= 245)

Age in months, mean (SD) 28.5 (12.8) 25.9 (13.9) 7.7 (1.4) 15.2 (3.2) 34.8 (10.3) 27.2 (13.4)

Hemoglobina (g/L), mean (SD) 9.4 (1.8) 9.1 (2) 9.1 (2.3) 9.0 (1.9) 9.4 (1.9) 9.3 (1.9)

Prevalence of anemiaa, n (%)

No anemia (≥110 g/L) 23 (19) 19 (15) 5 (24) 11 (17) 26 (17) 42 (17)

Mild (100–109 g/L) 30 (25) 25 (20) 1 (5) 12 (19) 42 (27) 55 (23)

Moderate (99–70 g/L) 55 (46) 60 (49) 12 (57) 32 (49) 71 (45) 115 (48)

Severe (<70 g/L) 11 (9) 19 (15) 3 (14) 10 (15) 17 (11) 30 (12)

Positive malaria test, n (%) 48 (40) 47 (38) 4 (19) 19 (29) 72 (46) 95 (39)

Anemia was define using WHO cut off [7].
aThree patients had missing data on hemoglobin levels.

Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs)
between moderate-severe anemia (hemoglobin below 100 g/L) as
dependent variable and malaria in the study population, crude and
adjusted by age and sex.

Independent variable OR CIs p-value

Malaria 2.5 1.5–4.5 0.001

Malaria+ age 3.1 1.7–5.6 <0.001

Malaria+ age+ sex 3.1 1.7–5.7 <0.001
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in 2019) [8]. Maulide Cane and colleagues observed an anemia
prevalence of 62% among children aged 6–59 months in a
quaternary health facility in Maputo City Province [9]. Our data
about malaria in Mozambique are comparable to previous
findings that reported a stable rate of around 39% in recent
years [8]. We found a correlation between malaria status and
moderate to severe anemia. Twenty years of surveillance data at
Manhiça District Hospital in Mozambique showed that in
2006–2017 malaria represented around 30–40% of pediatric
hospital admissions, remaining a leading cause of disease and
healthcare system use [10]. In sub-Saharan Africa, malaria caused
by Plasmodium parasites is a common cause of childhood anemia
[11] which, in turn, makes children much more susceptible to
severe anemia, by substantially decreasing Hb levels [11] and
other severe diseases. More than two-thirds of malaria deaths
occur in this population [2]. It is worth considering that
hemoglobin concentration could vary between seasons. Potential
higher rates of anemia during the dry season, notably before the
harvest, may be recorded due to the lack of a diversified diet and,
therefore, of micronutrients, as reported by recent research [12].
We could not estimate the association between anemia and
intestinal and urinary parasite infestation due to the limited
samples collected. A four-arm randomized trial found no
differences in anemia prevalence between the groups treated
with different approaches to intestinal parasites in children below
59 months (annual single dose of albendazole or test-and-treat
every 4 months only the child or the child and all the household
members) [13].
The current community-based cross-sectional study provides

evidence that anemia in children under 5 years of age represents
an urgent public health threat in IDPs camp of Ntele. The lack of
data disaggregation may neglect the inequities among the swaths
of the population living in different geographical areas (e.g., rural
and urban). This suggests the need to focus on child and maternal
health at the provincial and district levels [8, 9].
Although the cross-sectional design of the study limits the

causal inference, our analysis provides baseline information to
guide the development of initiatives aimed at improving the
health of the most vulnerable population in Cabo Delgado.
Regarding the association between anemia and malaria, the
results indicate that these conditions are strictly correlated in the
study population. In 2015, a baseline census in Magude, South
Mozambique, showed that only 27% of the children younger than
5 years slept below bed nets the previous night [14]. Even if we do
not have data on bed net use in Ntele camp, we found that 39%
tested positive for malaria, indicating that more effort should be
made in malaria prevention.

DATA AVAILABILITY
The data that support the findings of this study are available from the authors upon
reasonable request.
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